Two novel non-synonymous SNPs in the 2 nd and 3 rd exons of the porcine ApoR gene are reported. One was identified as a novel SNP significantly associated with multiple traits of pork meat quality. The data can provide a useful resource for developing a marker in the genetic improvement of pigs.
Meat quality during the conversion of muscle to meat after slaughter depends on the coordination of multiple genetic variations. For example, a recent study has reported that polymorphism in the 1st intron of ApoVLDL-II (very-low-density apolipoprotein-II) was associated with multiple traits of meat quality. 1) We discovered in this study two non-synonymous SNPs in the 2 nd and 3 rd exons of the ApoR gene, encoding a 23-kDa protein which comprises a major proportion of porcine VLDL, 2) and identified one of them to be a novel SNP significantly associated with multiple traits of pork meat quality.
A total of 437 pigs of a pure Berkshire line, which had been bred at a commercial farm under the same conditions, were randomly selected and slaughtered in 10 batches when their body weight had reached 110 kg. These samples were subsequently used to evaluate the meat quality as previously described.
3) The quality traits of the pork meat, i.e., backfat thickness, carcass weight, meat color, drip loss, cooking loss, shear force, waterholding capacity, post-mortem pH and chemical composition (fat, protein, collagen and moisture) were collected for a subsequent statistical analysis. We then carried out next-generation RNA sequencing (RNA-Seq) 4) to find non-synonymous SNPs in porcine genes encoding enzymes that had critical effects on the post-mortem metabolism of muscle; this is a costeffective and time-saving strategy for systematically identifying non-synonymous SNPs in the expressed regions of the genome. 5, 6) Total RNAs were extracted from the liver tissue of four genetically different porcine breeds, Berkshire, Duroc, Landrace and Yorkshire, because the liver produces abundant metabolic enzymes, and these were subjected to an RNA-Seq analysis by an Illumina GAII analyzer as previously described. 5, 6) This analysis included massive trimming reads, which were further assembled and mapped to UniGene, an annotated pig transcriptome assembly of the NCBI database. The mapping revealed two SNP candidates (chr9:g.132356063C > T and chr9:g.132357250G > A), respectively creating such non-synonymous single-base mutations as TCC(Ser) ! TTC(Phe) and GGA(Gly) ! AGA(Arg) within the ApoR transcripts (Table 1) , which were selected for an association analysis with the meat quality traits. Genomic DNAs were isolated in turn from whole blood cells of the 437 individual pigs and subjected to the genotyping of SNPs. The Illumina The ANOVA and Student's t tests, and the Mann-Whitney and Kruskal-Wallis tests were respectively conducted by parametric and non-parametric methods.
The Mann-Whitney and Student's t tests, and the ANOVA and Kruskal-Wallis tests were respectively used for the dominant and recessive models, and for the codominant model. CIE L, a and b respectively represent the meat color lightness, redness and yellowness. 
Identification of Non-Synonymous SNP in ApoR
VeraCode GoldenGate assay kit was used for this genotyping analysis according to the manufacturer's instructions. Genotype clustering and calling were evaluated by using BeadStudio software (Illumina, San Diego, CA, USA). The genotyping showed high SNP call rates (>97%) and more than 10% minor allele frequencies with both SNPs (Tables 1 and 2) , indicating the high accuracy of our genotyping analysis. A statistical analysis was performed with SAS version 9.1.3 (SAS Institute, Cary, NC, USA) to clarify the association between genotype and meat quality traits. Significant differences in traits between genotypic frequencies were verified by Mann-Whitney and Student's t tests, while ANOVA and Kruskal-Wallis tests were respectively used for the dominant and recessive models, and the codominant model. The locus chr9:g.132357250G > A showed little significant association with meat quality traits in this sample population (Table 2 ). However, the locus chr9:g.132356063C > T was significantly associated with the multiple meat quality traits of carcass weight, meat color, cooking loss, pH 24hr , pH 45min and chemical composition (protein and fat) in the population ( Table 2 ). The CC Berkshire pigs noticeably showed a higher carcass weight and protein content, and lower cooking loss and fat content than the TT homozygotes and CT heterozygotes. These factors indicate that the economic merit of CC pigs was superior to that of the TT and CT animals.
What is the functional link between the chr9:g.132356063C > T SNP and meat quality traits? Previous studies have reported that such triglyceriderich lipoproteins as VLDL and chylomicron primarily transported fatty acids as triglycerides to extra-hepatic tissues where they were stored or oxidized for energy production and therefore had critical effects on the lipid metabolism related to meat quality traits. 1, 7, 8) ApoR is known to be a component of VLDL and chylomicrons and to contain two short consensus repeats (SCRs) 2) which play an important role as a common protein interaction module. 9) chr9:g.132356063C > T SNP in this study was located within an SCR region of ApoR and created single base mutations (TCC ! TTC), leading to the non-synonymous change from hydrophilic serine to hydrophobic phenylalanine (Table 1) . It is therefore suggested that chr9:g.132356063C > T SNP can have a critical effect on the structural variation of SCR in ApoR and thus may influence protein interaction related to lipid metabolism, resulting in a change in meat quality traits. Accordingly, it is reasonable that the CC pigs showed a significant difference (0.25%) in fat content among the meat quality traits when compared with the TT and CT animals ( Table 2 ). Some SNPs in ApoVLDL genes, encoding apolipoproteins for VLDL, have been similarly identified to have a significant association with meat quality traits; for example, C1834T SNP, which is located in 3 0 -UTR of the ApoA5 gene, has shown a significant association with the backfat thickness and leaf fat weight. 7) Intronic SNP in ApoVLDL-II gene has also been associated with multiple meat quality traits, including the intramuscular fat content. 1) SNPs in the ApoVLDL genes are therefore suggested to have broad effects on meat quality traits, although there have been few non-synonymous exonic SNPs which may influence the structural architechure of ApoVLDL.
In conclusion, SNP detected in our work can be expected to create mutations affecting the muscle energy metabolism, including lipids, because it may induce a structural variation in ApoR protein resulting in its functional change. SNP may therefore be useful as a genetic marker for successfully selecting meat quality traits in pigs.
